Imatinib mesylate is currently used as the first-line treatment for metastatic gastrointestinal stromal tumors (GISTs). Imatinib-induced hepatotoxicity in patients with GIST is very rare. Its features vary from subclinical elevation of serum aminotransferase to clinically apparent acute hepatitis, which is associated with immunologic reactions. Imatinib-induced hepatotoxicity with autoimmune-like features can be treated by the discontinuation of imatinib mesylate and the administration of oral steroids. Here, we report a case of late-onset imatinib-induced hepatitis with autoimmune-like features in a patient with metastatic GIST, which was improved by oral corticosteroids. eISSN 2384-0293 Yeungnam Univ J Med 201936(2):155-158 https://doi.
Introduction
Imatinib mesylate is a selective inhibitor of the BCR-ABL tyrosine kinase, which is widely used for the treatment of chronic myelogenous leukemia, Philadelphia chromosome-positive acute lymphoblastic leukemia, and C-kit (CD 117)-positive advanced metastatic gastrointestinal stromal tumor (GIST) [1, 2] . Imatinibinduced hepatotoxicity has been reported in less than 2.5% of patients with GIST [3] . Although the mechanism of imatinibinduced hepatotoxicity is unclear, it is thought to be an idiosyncratic reaction to the drug [3] . Most patients present with mild elevation of aminotransferase during first 2-3 months of imatinib treatment [4] . In general, imatinib-induced hepatotoxicity is improved within 4 weeks of drug discontinuation [3, 4] . However, in cases of liver enzyme deterioration after the discontinuation of imatinib, corticosteroids can be used [2, 5] . Herein, we have reported a case of late-onset imatinib-induced hepatitis treated with corticosteroids in a patient with metastatic GIST.
A 55-year-old man was referred to our department with deterioration of liver function. He had undergone segmental resection of the small bowel and peritonectomy for metastatic GIST, which had caused massive hematochezia 10 months ago. The tumor had spread into the omentum and the pelvic cavity with scattered nodules. The pathology results indicated the coexpression of CD113 and CD34 spindle cells, with a mitotic index of 4 per 50 high-power fields. After the surgery, palliative chemotherapy with imatinib mesylate 400 mg daily was initiated.
After 10 months of imatinib therapy, the patient was referred to our department owing to elevated aminotransferase level without any specific symptoms for several months. He denied any causal alcohol consumption or medication. His physical examination was normal. The laboratory tests revealed the following values: white blood cell count, 4,770/µL; eosinophil count, 467/µL (range, <500/µL); hemoglobin, 13.8 g/µL; platelet count, 184 K/µL; total protein, 6.34 g/dL; albumin, g/dL, total bilirubin (TB), 1.59 mg/dL; direct bilirubin, 0.31 mg/dL; aspartate aminotransferase (AST), 239 IU/L; alanine aminotransferase (ALT), 393 IU/L; alkaline phosphatase, 194 IU/ L (range, 30-120 IU/L); gamma glutamyl transferase, 52 IU/L (range, <50 IU/L); blood urea nitrogen, 12 mg/dL; creatinine, 1 mg/dL; and international normalized ratio, 1.06. Serologic markers for viral hepatitis, including hepatitis A virus, hepatitis B virus, and hepatitis C virus, were negative. There was no evidence of acute viral infection, and tests for Epstein-Barr virus, cytomegalovirus, and herpes virus were not performed. To exclude autoimmune hepatitis (AIH) and primary biliary cholangitis, additional serologic tests were conducted, including anti-nuclear antibody, anti-smooth muscle antibody, anti-mitochondria antibody, immunoglobulin G (IgG), IgA, IgM, anti-neutrophil cytoplasmic antibody, and anti-liver kidney microsomal type 1 antibody, and all results were within the normal ranges. Computed tomography (CT) of the abdomen revealed no evidence of recurrence of GIST compared with previous CT scan ( Fig. 1 ). After immediate discontinuation of imatinib therapy, supportive treatment, including 300 mg ursodeoxycholic acid daily and nutritional support with high calorie and protein, was initiated. Despite 3 weeks of supportive treatment, serum levels of AST, ALT, and TB increased up to 255 IU/L, 470 IU/L, and 2.07 mg/dL, respectively. The R factor for liver injury was 7.6, which was equivalent to hepatocellular liver injury. The Roussel Uclaf Causality Assessment Method score was 6, which indicated that drug-induced liver injury (DILI) was probable.
To exclude the possibility of DILI, a percutaneous liver biopsy guided by ultrasound was performed. The pathologic findings revealed centrilobular necrosis and mild interface hepatitis, consistent with DILI with suspicious autoimmune-like features (Fig. 2) . The Revised Original Score for AIH for pretreatment was 10, which indicated that AIH was probable.
As we could not completely rule out the relationship with autoimmunity, we decided to administer steroids. The patient was treated with 30 mg prednisolone daily. After 2 weeks, his laboratory test results were improved: AST, 40 IU/L; ALT, 132 IU/L; and TB, 0.87 mg/dL. Subsequently, prednisolone was tapered, to 15 mg daily for 2 weeks. After 4 weeks, his laboratory test results were normal: AST, 29 IU/L; ALT, 40 IU/L; and TB, 0.91 mg/dL ( Fig. 3) . A reduced dose of imatinib mesylate (300 mg daily) was restarted without further deterioration of liver function over a follow-up period of 4 months. In addition, Revised Original Score for AIH for post-treatment was 12, which indicated that AIH was probable.
Discussion
The clinical manifestations of imatinib-induced hepatotoxicity are varied in patients with GIST (Table 1 ). In our patient, grade 3 ALT elevation first occurred 10 months after the administration of imatinib. The onset period of imatinib-induced hepatotoxicity is reported to be between 11 days and 13 months [4, 6] . Serum levels of aminotransferase are usually elevated within the first 2-3 months after imatinib administration, and are improved within 4 weeks after discontinuation [4, 7] . In addition, the clinical features of imatinib-induced hepatotoxicity in patients with GIST range from transient elevation of serum aminotransferase to acute liver injury, which may cause cirrhosis [2, 4, 8] .
Although the pathogenic mechanisms of imatinib-induced hepatotoxicity are not fully understood, they may be associated with idiosyncratic hypersensitivity reactions to the drug in susceptible patients [9] . The drug metabolism pathway in the liver is divided into four phases, phase 0 to phase 3 [10, 11] . In phase 0, the drug is transported from the blood to the liver via the carriermediated uptake system, including soluble carrier (SLC21/ SLCO) [11] . The drug transported into the liver is metabolized in phase 1 (oxidation via the enzyme cytochrome P [CYP] 450) and phase 2 (conjugation via mainly UDP-glucuronosyltransferase) [10] . In phase 3, conjugated metabolites are excreted into the cells by active transporter pumps using multidrug resistance-associated protein 2 and multidrug resistance protein 1/P-glycoprotein [11] .
Imatinib mesylate is metabolized mainly by CYP450 enzymes, such as CYP3A4, CYP2C9, and CYP2D [2] . Drugs and foods that interfere with CYP450 enzymes, such as erythromycin, roxithromycin, itraconazole, and grapefruit juice, may elevate the serum concentration of imatinib metabolites, which may cause hepatotoxicity [2] . The pregnane X receptor and constitutive androstane receptor play an important role in drug interactions, acting as transcriptional regulators of CYP 450 [12] .
In addition, the histopathologic findings of imatinibinduced hepatitis include diverse manifestations, including periportal inflammation, focal necrotic hepatocytes with mixed lymphocytes, neutrophil infiltration, extensive centrilobular hepatic necrosis, and severe cytolytic acute hepatitis [1, 2] .
Most cases of hepatotoxicity are resolved by reduction or discontinuation of the medication. In one case, steroids reversed imatinib-induced immune hepatitis, as characterized by persistent elevations of autoantibodies, including anti-nuclear antibody and double-strand antibodies, after discontinuation of imatinib for 2 weeks [6] . In addition, despite no clear immunologic features, imatinib-induced hepatotoxicity was improved after the administration of oral steroids [2, 5] . In our case, despite discontinuation of imatinib for 3 weeks, laboratory results were exacerbated, with elevations in ALT (grade 4) and bilirubin (grade 2), without definite evidence of AIH. However, liver biopsy revealed acute DILI with suspicious autoimmune features, including interface hepatitis, infiltration of inflammatory cells, and focal necrosis of hepatocytes. In addition, the revised Original Scores for AIH for pre-and post-treatment were 10 and 12, respectively. These two scores indicate that autoimmune features are probable. Although the mechanism of the corticosteroids is still unclear, it is presumed to be related to anti-inflammatory effects [5] . This is supported by our case, in which the patient improved after treatment of drug-induced, autoimmune-like hepatitis with corticosteroids.
For the imatinib rechallenge, a 25% dose reduction was used after confirmation of normal blood levels of AST, ALT, and TB.
Drug rechallenge is associated with 13% mortality, and considerable comorbidity [13] . However, in clinical practice, the risk-benefit stratification for drug rechallenge is important and readministration may be undertaken carefully in the following cases: if continuous treatment, such as that needed for cancer, is required; there is no safer alternative treatment; if the benefit is judged to be greater than the risk; or if the patient consents after sufficient explanation of the risk of adverse event [13] . In our case, as all these conditions were satisfied, we re-administered imatinib. In addition, the dose reduction and dosage at the time of re-administration of the drug are not clearly defined, and individualization and treatment tailoring through close clinical follow-up is required.
In conclusion, the appropriate administration of oral steroids with prompt discontinuation of imatinib may be helpful for patients with imatinib-induced, autoimmune-like hepatitis.
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